Three new aromatics glycosides, hyuganosides II, IIIa, and IIIb, were isolated from a Japanese folk medicine, the roots of Angelica furcijuga KITAGAWA. The structures of the new glycosides were determined on the basis of chemical and physicochemical evidence.
The Umbelliferae plant Angelica furcijuga KITAGAWA is indigenous to Japan (Japanese name, hyugatouki) and the roots have been used for the treatment of hepatopathy, allergosis, inflammation, diabetes, and hypertension as a Japanese folk medicine. During the course of our characterization studies on Japanese folk medicines, [1] [2] [3] [4] [5] [6] we have reported the structure elucidation of four acylated khellactone-type coumarins called hyuganins A-D and the vasorelaxant activities of the principal constituents from the roots of A. furcijuga. 1) Furthermore, we communicated that the methanolic extract and principal constituents including hyuganosides II and III from this folk medicine showed nitric oxide (NO) production inhibitory and hepatprotective activities. 2) In this paper, we describe a full account of the isolation and structure elucidation of hyuganosides II (1), IIIa (2) , and IIIb (3) .
The methanolic extract from the fresh roots of A. furcijuga cultivated in Miyazaki prefecture, Japan, was subjected to Diaion HP-20 column chromatography to give H 2 O-, MeOH-, and acetone-eluted fractions as described. 1, 2) The MeOHeluted fraction was additionally purified by ordinary-and reversed-phase silica gel column chromatographies and finally HPLC to give three glycosides, hyuganosides II (1, 0.0030% from the fresh roots), IIIa (2, 0.0008%), and IIIb (3, Fig.  1 . Thus, the 1 H-1 H COSY experiment of 1 indicated the presence of partial structures in bold lines (C-5-C-6, C-7-C-8, C-1Ј-C-2Ј, and Glc-C-1-Glc-C-6). In the HMBC experiment of 1, long-range correlations were observed between the following protons and carbons: 5-H and 1, 4-C; 6-H and 2, 4, 7-C; 7-H 2 and 1, 2, 6-C; 8-H 2 and 1, 9-C; 1Ј-H 2 and 3-C; 2Ј-H and 3, 4, 3Ј-5Ј-C; 4Ј-H and 2Ј, 3Ј, 5Ј-C; 5Ј-H and 2Ј-4Ј-C; Glc-1-H and 2-C ( Fig. 1) , so that the connectivities of the quaternary carbons, the substitution pattern of the aromatic ring, and the position of the glycosidic linkage in 1, were clarified. Consequently, the structure of hyuganoside II (1) H COSY) experiment on 2 indicated the presence of partial structures written in the bold lines and the HMBC experiment were observed between the following proton and carbon pairs of 2 (2-H and 3, 4, 6, 7-C; 5-H and 4, 1-C; 6-H and 2, 7-C; 7-H and 1, 2, 6-C; 8-H and 4Ј-C; 2Ј-H and 3Ј, 4Ј, 6Ј, 8Ј-C; 5Ј-H and 1Ј, 3Ј, 4Ј-C; 6Ј-H and 2Ј, 4Ј, 7Ј-C; 7Ј-H and 1Ј, 6Ј-C; 8Ј-H and 1Ј, 2Ј-C; Glc-1-H and 9Ј-C; 3-OCH 3 and 3-C; 3Ј-OCH 3 and 3Ј-C). The stereostructure of the 7 and 8-positions in 2 was clarified by the nuclear Overhauser enhancement spectroscopy (NOESY) experiment on the acetonide derivative (2b). Namely, enzymatic hydrolysis of 2 with b-glucosidase followed by treatment with 2,2-dimethoxypropane in the presence of p-toluene sulfonic acid (p-TsOH) yielded the 7,9-acetonide derivative (2b). The NOESY experiment on 2b showed NOE correlations as shown in Fig. 2 , so that the stereostructure of the 7 and 8-positions in 2 was determined to be the erythro-form.
On the other hand, the proton and carbon signals of 3 in -NMR experiments, the planar structure of 3 was elucidated to be the same structure of 2. Treatment of 3 with bglucosidase furnished its aglycon (3a), 11) and the stereostructure of 3 was determined to be the 7,8-threo-form.
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); UV spectra, Shimadzu UV-1600 spectrometer; IR spectra, Shimadzu FTIR-8100 spectrometer; EI-MS and high-resolution MS, JEOL JMS-GCMATE mass spectrometer; FAB-MS and high-resolution MS, JEOL JMS-SX 102A mass spectrometer;
1 H-NMR spectra, JNM-LA500 (500 MHz) spectrometer; 13 C-NMR spectra, JNM-LA500 (125 MHz) spectrometer with tetramethylsilane as an internal standard; and HPLC detector, Shimadzu RID-6A refractive index, Shimadzu SPD-10Avp UV-VIS, and Shodex OR-2 optical rotation detectors.
The following experimental conditions were used for chromatography: ordinary-phase silica gel column chromatography, Silica gel BW-200 (Fuji Silysia Chemical, Ltd., 150-350 mesh); reversed-phase silica gel column chromatography, Chromatorex ODS DM1020T (Fuji Silysia Chemical, Ltd., 100-200 mesh); TLC, precoated TLC plates with Silica gel 60F 254 (Merck, 0.25 mm) (ordinary phase) and Silica gel RP-18 F 254S (Merck, 0.25 mm) (reverse phase); reverse-phase HPTLC, precoated TLC plates with Silica gel RP-18 WF 254S (Merck, 0.25 mm); and detection was achieved by spraying with 1% Ce(SO 4 ) 2 -10% aqueous H 2 SO 4 , followed by heating.
Extraction and Isolation The extraction and isolation from the fresh roots of A. furcijuga KITAGAWA (cultivated in Miyazaki prefecture, Japan) were described in our previous paper. 1, 2) The methanolic extract from the fresh roots of A. furcijuga was subjected to Diaion HP-20 column chromatography to afford H 2 O-eluted fraction and three fractions (Fr. 1-3). Hyuganoside II (1) Enzymatic Hydrolysis of 3 A solution of 3 (6.0 mg, 0.022 mmol) in 0.2 M acetate buffer (pH 4.4, 1.0 ml) was treated with b-glucosidase (5.0 mg, Oriental Yeast Co., Ltd., Japan), and the solution was stood at 38°C for 15 h. After treatment of the reaction mixture with EtOH, the mixture was evaporated to dryness under reduced pressure, and the residue was purified by ordinary-phase silica gel column chromatography [0. 
